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Recyclability of Architectural Glass Products

Objectives

The interest in recycling architectural glass products is growing; however, information on companies offering recycling
services is fragmented and difficult to find. A recent survey conducted by NGA showed that the architectural glass
industry is interested in more recyclability of post fabrication products. Respondents indicated that roadblocks such as
labor, cost, space and the lack of local resources prevent them from recycling glass waste. The purpose of this bulletin is
as follows:

e |dentify the different products that can be recycled and those that cannot be recycled

e Clarify misconceptions about glass recycling and identify sources for recycling architectural glass
e Provide examples of a variety of products that can be created or improved using recycled glass
e Quantify and explain some of the societal and sustainability benefits of recycling glass

Introduction

Over one million tons of architectural glass is recycled annually throughout North America. Due to the weight of glass,
the proximity between the glass fabricator, the recycler, and the end user is important. As shown in Figure 1, the glass
recycling supply chain begins with a glass fabricator shipping its glass scrap to a recycler. From there, the recycler
mechanically cleans, crushes, and screens the glass to create a uniform material. This material (shown in Figure 2) is
generally sold in bulk to an end user or manufacturer where it is melted for use in a derivative product. Occasionally, a
glass recycler grinds the material to a fine powder to sell for use as a filler or an abrasive.

The desire for additional recycled glass is high and scrap glass generators have an opportunity to find a better economic
alternative to discarding glass in a landfill.
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Figure 1: Glass Recycling Supply Chain
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Figure 2: Examples of Crushed Glass in recycling facilities

Recycled Glass in Float Glass Manufacturing

The float glass process recycles virtually all the glass waste (called cullet) from the in-plant production melting and
cutting processes. Cullet generated within the same plant and reintroduced to the original process may not qualify as
pre-consumer recycled content for green building initiatives such as LEED Building Product Disclosure and Optimization-
Sourcing of Raw Materials credit. However, there is still opportunity to gain LEED v.4 credit by participating in a LEED v.4
EPR recycling program. Refer to Glass Technical Paper FM03-10 (2017) LEED® Recycled Content for Glass for more
information®.

Float glass manufacturers typically do not recycle post-consumer or pre-consumer recycled cullet from glass fabricators
or other sources primarily due to glass composition differences and possible contamination. Cullet that is generated
from glass of different compositions, whether it is from other glass suppliers or different substrates, could potentially
result in extensive defects during the manufacturing process. However, the biggest issue or concern is possible
contamination, namely from aluminum metal and stainless steel. Neither of these materials are ferromagnetic so they
would not be picked up by a magnet that is used to prevent tramp metal from entering a float furnace. Both metals are
major concerns for float glass manufacturers that could result in significant furnace upsets resulting in days or weeks of
lost production.



Glass Recyclability

A wide variety of architectural soda-lime glass products can be recycled. Annealed, tempered, and low-emissivity (low-e)
glass can be recycled with virtually no restrictions; however, other types of glass, such as laminated, mirror, ceramic frit,
and insulating glass units (IGUs) require additional processing and may not be accepted by all recycling locations.

Contaminants

The amount and type of contamination is important for all streams of glass. Glass recyclers are able to process most
contaminants, such as, but not limited to, small amounts of cutting stones, metal, aluminum or plastic frames, plastic
films, temporary protective film (TPF), refractory or rocks, caulk, rubber gaskets, etc. Contamination that will hinder
recycling opportunities are mixed chemical compositions like some types of borosilicate and glass ceramic. Other
unacceptable contaminants that will result in rejected loads are lead-based paints, desiccants, hazardous or heavy metal
material, and high levels of normal contamination. Typically, larger recyclers can process glass, metal, and other
components, while smaller recyclers have limited capabilities. It is important to communicate with the glass recycler to
understand what types of glass and what levels of contamination are acceptable.

Clarifying the Current Situation

Glass fabricators should establish a working relationship with the nearest glass recycling company. This will lower freight
costs and drive the highest value. Recyclers typically accept glass from a spectrum of suppliers and industries beyond
just glass fabricators. They work with automotive, solar, glazing, and others, and therefore are knowledgeable of how to
leverage value across many different end markets. A recycler with a broad network of facilities can easily move material
between markets in case of a disruption.

Most glass scrap generated by an architectural glass fabricator can be recycled if normal care is given to avoiding cross
contamination. Laminated glass is potentially a valuable part of the value stream of recycled glass when the PVB is
separated from the laminate. Prior to shipment, fabricators should work with their recycler to define the best way to
segregate their scrap to ensure positive value and acceptability.

Below are suggested topics to discuss with the glass recycler:

e Type of glass to be recycled (e.g., factory cuttings, IGUs, laminated, low-iron, clear and tinted glass, or something
else; pictures help).
e The chemistry of the glass (e.g., soda-lime, glass ceramic, borosilicate, or mixed).
o Note: if a fabricator cuts glass made up of multiple chemistries in the same plant, discuss the different
types of chemistries and how to best keep them separate for the recycler.
e Single tint or mixed tints of glass, and the feasibility of separating to maximize value.
e Silver or gray backed mirror glass is accepted by some recyclers. Mirror in 1/8-inch thickness is most desired, but
any thickness may also be accepted. All mirror glass is typically sampled before it is accepted.
e Contaminants that may be included and applicable pictures. See potential contaminants provided above.
e Expected volume and frequency of recycled glass to be generated:
o Is this a one-time shipment, or will it require a permanent roll-off box serviced on a schedule or on an on-
call basis?
e Storage method for transportation:
o Willit be kept in crates, bins, hoppers, roll-off boxes, or bulk? Roll-off boxes are typical for small to mid-
sized facilities and bulk slab storage for larger plants.
o Freight costs are typically lower for bulk shipments but require access to a front-end loader to allow for
the bulk glass to be loaded into a truck.



e Space limitations:

o Is there room outside for one or more roll-off boxes, or a bulk slab storage system? What are the height
limitations; is the space free from overhead electrical wires? Recyclers can often provide multiple roll-off
boxes so clear glass, mixed glass, and IGUs can be separated into individual containers.

e Freight handling: delivery or pick-up by the recycler.

Some end markets have expressed concern over the proliferation of tints and coatings. If a supplier has a variety of
tinted glass, it would be helpful to provide their chemistries to the recycler, if known. The value of the recycled glass is
contingent upon the distance to the recycler, the amount of contamination and the uniformity of the type of glass
included (e.g., clear glass only; mixed glass). While most glass scrap has a positive value to the fabricator, the distance to
the recycler, the distance from the recycler to the end market, or the glass contamination levels may result in a negative
value. However, it could result in cost savings for the glass fabricator when compared to landfill disposal costs.

Finding and communicating with a local, knowledgeable glass recycler helps ensure a successful recycling program.
Benefits of Returning Recycled Glass to a Glass Manufacturing Process

Reduced Freight and Mined Minerals

Using cullet reduces the need to mine virgin materials out of the ground. Typically, it takes approximately 1,200 tons of
batch to make 1,000 tons of glass. Glass manufacturers lose approximately 17% of the weight of the batch through the
conversion of oxide batch materials. By using more cullet, the total weight of shipped incoming raw materials can also
be reduced, lowering the environmental impact of trucking. Direct Scope 1 emission reductions can be realized, as well
as reduced landfill rates.

According to the Glass Packaging Institute (GPI), “over a ton of natural resources are conserved for every ton of glass
recycled, including 1,300 pounds of sand, 410 pounds of soda ash, 380 pounds of limestone, and 160 pounds of
feldspar.” Recycled glass can substitute up to 95% of raw materials.®

Energy Savings
Energy costs drop about 2-3% for every 10% of cullet used in the manufacturing process.®

Increased Throughput
When demand is high, cullet can be used to achieve higher furnace pull rates. Although this benefit forfeits energy and
furnace life savings, the bottom line is favorable to meet end market demand most efficiently.

Extend Furnace Life
Including cullet in the manufacturing mix makes it less corrosive and lowers the melting temperature (from 2,800 °F to
2,600 °F), prolonging furnace life.®

Lowers Emissions

According to a Glass Processing Institute container plant study, a relative 10% increase in cullet reduces particulates by
8%, nitrogen oxide by 4%, and sulfur oxide by 10%.8 For every 10% of cullet used in glass manufacturing, energy
consumption is reduced by 2.5% and CO, emissions by 5%.°

Considering the environmental impact of cullet usage, for every 10% of cullet used in glass manufacturing, energy
consumption is reduced by 2.5% and CO; emissions by 5%.

Supports Jobs
Recycling 1,000 tons of glass creates slightly over 8 jobs.°



Promotional Value
Glass recycling is a closed-loop system, creating no additional waste or by-products. The value of cullet recycling is a
platform for building brand equity in industry and local communities.

Possible Sources for Recycling Architectural Glass

Architectural glass recyclers set their own requirements on the types of glass they will accept. The proximity between a
supplier and its recycler is important due to the high cost of transportation. Search local listings for recycling facilities or
visit NGA’s World of Glass Map for glass recycling locations across North America.

Below are recyclers who contributed to the development of this document and are good resources for additional
information on recycling of glass and glazing products.

e Infinite Recycled Technologies (www.infiniterecycledtech.com) has locations in North America and is an NGA
member.?!
e Strategic Materials (www.strategicmaterials.com) has locations in North America and is an NGA member. ?

e ACE Glass Construction Corporation (www.aceglass.net) has locations in North America and is an NGA member.

Products Originating from Recycled Glass

Many products originate from recycled architectural glass. The primary end use products are fiberglass insulation and
highway glass bead, which use crushed glass as part of their raw materials. Other end user industries include abrasives,
terrazzo countertops and flooring, filtration and filler materials. The use of cullet (furnace-ready, recycled glass) in
manufacturing fiberglass insulation reduces consumption of raw materials, saves on energy costs, extends furnace life,
and improves air emissions. End user customers want higher levels of recycled content and are limited only by cullet
availability.

Fiberglass
High levels of recycled glass are in fiberglass insulation products. Recycled glass accounts for 40 percent of the raw

materials in residential fiberglass insulation.® Energy savings is a primary benefit of using recycled glass because it
reduces the costs associated with manufacturing. According to the North American Insulation Manufacturers
Association (NAIMA), the industry uses over 3.2 billion pounds of crushed glass annually.®

Highway glass bead

Clear, low—iron, and tinted glass are used in the production of small glass beads, which are added to highway paint to
create a reflective surface. The glass beads are sprayed on top of paint, as shown in Figure 3. The average amount of
glass beads needed for one mile (1.6 kilometer) of a continuous strip of paint is more than 102 pounds (46 kg).

This distance requires 20 gallons (76.8 liters) of paint. Potters
Industries, for example, delivers one billion pounds annually of
recycled glass for the highway paint industry throughout the world.”

Abrasives

The sand and coal slag industry faces increased government
regulation due to hazardous health concerns related to their
products. Crushed glass has become accepted as a high performing Y S :
safe alternative. Glass is crushed, separated by mesh size, and then Figure 3: Example of recycled glass used in
sold to blasting distributors and contractors who use it to clean and highway paint

prepare metal surfaces for painting.
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Terrazzo Countertops and Flooring

Some terrazzo countertops and flooring are produced using 100 percent recycled decorative glass as one of the primary
materials. Terrazzo countertop and flooring manufacturers often mix crushed mirror with their glass aggregate for these
applications. These markets are regional, prefer clear glass, and tend to use small quantities.

Other Usage and Applications

Recycled glass products serve many other purposes. Recycled glass is used as abrasive material to place in grinding
wheels or into matches, as flux in metal foundries, and as specialized fillers. Some companies use recycled glass as
decorative glass aggregate for use in landscaping or fire pit glass. The glass aggregate may be further processed to form
mosaic patterns.

The glass container industry uses recycled glass in its manufacturing process, routinely using over 25 percent of post-
consumer bottle glass in North America. Several plants have reached a 90 percent recycled content level. The glass
container manufacturing plants are getting their cullet from local glass recycling operations. The Glass Packaging
Institute, the industry’s trade group, advises that every 10 percent of recycled glass content contributes to
approximately a 2 to 3 percent energy savings in manufacturing finished glass container products.® The glass container
industry’s goal is to use 50 percent recycled content and generating new sources of recycled content is identified as the
biggest hurdle. They can and do use architectural glass as part of their batch formulations although the practice is not
widespread.

Laminated glass is frequently used in architectural applications that require
lamination as a measure of security, by code, or simply for aesthetic reasons. It is
now possible to recycle both laminated glass and PVB interlayer by separating
them. After PVB is separated from glass, the glass portion becomes a clean cullet
supply. The PVB is made into different sizes or forms, such as fleck, pallet, liquid,
or new film. The main consumer of recycled PVB is the carpet industry, which
uses recycled PVB as part of the carpet backing. See Figure 4 for an example of
recycled PVB.

Conclusion

Figure 4: Example of recycled PVB

Glass is easily recyclable, and the need for recycling architectural glass will

continue to grow. New facilities will open in different markets as demand for architectural glass recyclers increases. This
growth will be spurred in part by the need to reduce energy consumption and CO, emissions, and by the continued
demand for recycled products by consumers.

Clear and low-iron glass are the most widely accepted products by recyclers and thus the easiest to recycle. Technology
has evolved so that historically harder to recycle items, such as laminated glass, back-painted glass, mixed tints, and
mirror have become routinely recycled as industries have adapted to use these in their manufacturing processes.
Technologies and the demand for products are changing rapidly.

The benefits of recycling glass are clear — significant environmental and sustainability benefits can be. These benefits can
be quantified and evaluated, and they should be a key part in the discussion surrounding the recycling of architectural
glass.



Case Studies

Recycling of Greenhouse Glass for New Greenhouse: https://www.pilkington.com/en/global/news-insights/latest/uk-
architectural-team-supports-sustainability-of-horticultural-sector

New Glass Recycling Plant in North Little Rock: https://www.arkansasonline.com/news/2023/aug/24/ace-glass-plans-to-
recycle-glass-at-new-nlr-plant/
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Visit www.glass.org/store for a complete list of Glass Technical Papers, as well as other glass building products and glazing industry
reference materials.

The Technical Services Division of the National Glass Association (NGA) has produced this Glass Technical Paper solely for
informational purposes. NGA makes no representations or warranties, express or implied, with respect to the information provided in
this Paper or to its use. This Paper makes no attempt to provide all information or considerations for the topic area covered within
this Paper. NGA disclaims any responsibility for any specific results related to the use of this Paper, for any errors or omissions
contained in the Paper, and for any liability for injury, loss or damage of any kind arising out of the use of this Paper. This Paper is a
“living document,” and NGA reserves the right, in its sole discretion, to update, revise, and amend the Paper from time to time as it
sees fit and to do so without notice to prior recipients or current users of this Paper.

This Paper was developed by dedicated member volunteers and subject matter experts. The original version of this document was
approved and published in 2014. This version of the document was updated and published in February 2025.
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